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GSV Geophysical System Verification

HA Hazard Assessment

HE high explosive

HHE Health Hazard Evaluation

HQ hazard quotient

HTW hazardous and toxic waste

HVAR High Velocity Aircraft Rocket

INPR Inventory Project Report

ISO Industry Standard Object

IVS Instrument Verification Strip

LANL Los Alamos National Laboratory

LDC Laboratory Data Consultants, Inc.

LUC Land Use Control

Marines U.S. Marine Corps

MC munitions constituent

MD munitions debris

MDAS material documented as safe

MEC munitions and explosives of concern
mg/kg milligram per kilogram

mm millimeter

MMRP Military Munitions Response Program
MPPEH Material Potentially Presenting an Explosive Hazard
MRS munition response site

MRSPP Munitions Response Site Prioritization Protocol
MS Matrix Spike

MSD Matrix Spike Duplicate

Navy U.S. Navy
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NCP National Oil and Hazardous Substances Pollution Contingency
Plan

NHA National Heritage Area

NHL National Historic Landmark

NMFS National Marine Fisheries Service

No. number

NOAA National Oceanic and Atmospheric Administration

NPS National Park Service

NRIS National Register Information System

NWP Northwest Peninsula

NWRS National Wildlife Refuge System

OB/OD Open Burn / Open Detonation

PCOPC preliminary contaminants of potential concern

PD Point Detonating

PDA Personal Digital Assistant

PEP Propellant, energetic, and pyrotechnics

PRASA Puerto Rico Aqueduct and Sewer Authority

PREQB Puerto Rico Environmental Quality Board

PRG preliminary remediation goal

PSV Preliminary Screening Value

PWS Performance Work Statement

QA quality assurance

QC quality control

QSM Quality System Manual

RA Risk Assessment

RAB Restoration Advisory Board

RAC risk assessment code

RI Remedial Investigation

RI/FS remedial investigation and feasibility study

ROE right of entry

RSL Regional Screening Level

RTI RTI Laboratories

SAP Sampling and Analysis Plan

SHPO State Historic Preservation Office

Si site inspection

SLERA screening level ecological risk assessment

SLRA screening level risk assessment

SOP Standard Operating Procedure
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SSL soil screening level
SUXOS Senior Unexploded Ordnance Supervisor
TBC To Be Considered
TCRA time-critical removal action
TESS Threatened and Endangered Species System
TES Timberline Environmental Services, Inc.
TPP technical project planning
u.S. United States
USA USA Environmental, Inc.
USACE U.S. Army Corps of Engineers
USAESCH U.S. Army Corps of Engineers, Engineering and Support Center,
Huntsville
usC U.S. Code
USCB U.S. Census Bureau
USDA U.S. Department of Agriculture
USEPA U.S. Environmental Protection Agency
USFWS U.S. Fish and Wildlife Service
USCG United States Coast Guard
USGS U.S. Geological Survey
UXxo unexploded ordnance
UXOQCS UXO Quality Control Specialist
vVOC Volatile Organic Compound
WP Work Plan
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GLOSSARY OF TERMS

anomaly Any item that deviates from the expected subsurface ferrous and non-ferrous
material at a site (i.e., pipes, power lines, etc.).

military munitions All ammunition products and components produced for or used by
the armed forces for national defense and security, including ammunition products or components
under the control of the Department of Defense, the Coast Guard, the Department of Energy, and
the National Guard. The term includes confined gaseous, liquid, and solid propellants;
explosives, pyrotechnics, chemical and riot control agents, smokes, and incendiaries, including
bulk explosives and chemical warfare agents; chemical munitions, rockets, guided and ballistic
missiles, bombs, warheads, mortar rounds, artillery ammunition, small arms ammunition,
grenades, mines, torpedoes, depth charges, cluster munitions and dispensers, demolition charges;
and devices and components thereof.

munitions and explosives of concern (MEC) Military munitions that may pose unique
explosives safety risks, including UXO, discarded military munitions, or munitions constituents
present in high enough concentrations to pose an explosive hazard.

munitions constituents (MC)  Any materials originating from unexploded ordnance,
discarded military munitions, or other military munitions, including explosive and nonexplosive
materials, and emission, degradation, or breakdown elements of such ordnance or munitions.

munitions debris Remnants of munitions (e.g., penetrators, projectiles, shell casings,
links, fins) remaining after munitions use, demilitarization, or disposal.

munitions response Response actions, including investigation, removal actions, and
remedial actions, to address the explosive safety, human health, or environmental risks presented
by unexploded ordnance, discarded military munitions, or munitions constituents, or to support a
determination that no removal or remedial action is required.

munitions response site (MRS) A discrete location within an MRA that is known to require a
munitions response.

projectile Object projected by an applied force and continuing in motion by its own
inertia. This includes bullets, bombs, shells, grenades, guided missiles, and rockets.

unexploded ordnance (UXO)  Military munitions that have been primed, fuzed, armed, or
otherwise prepared for action; that have been fired, dropped, launched, projected, or placed in
such a manner as to constitute a hazard to operations, installation, personnel, or material; and that
remain unexploded whether by malfunction, design, or any other cause.
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CHAPTER 1. EXECUTIVE SUMMARY

A Remedial Investigation (RI) is not a removal action; rather it is used to determine the nature
and extent of the munitions-related contamination in order to develop recommendations for the
next action to be taken, if any. The Rl and the associated Feasibility Study (FS) Reports for the
Culebra Island Munition Response Sites (MRSs) have been prepared as separate volumes
consisting of two reports — the RI Report and the FS Report. The two reports address the
terrestrial areas in six of the 14 identified MRSs associated with Culebra Island. The water
portions will be evaluated in a separate report. The six MRSs evaluated in this Rl on Culebra
Island include MRS 06, MRS 08, MRS 09, MRS 10, MRS 11, and MRS 13. The other MRSs
are addressed under separate contracts. The conclusions and recommendations of this report
apply only to the terrestrial portions of the six MRSs addressed in the RI.

1.1  BACKGROUND

In 1898, the Spanish American War concluded and the Kingdom of Spain ceded all of Puerto
Rico to include Culebra and its adjacent cays to the U.S. Shortly after, in 1900, President
Theodore Roosevelt placed Culebra under the jurisdiction of the Department of the Navy
(DON). In 1903, the Navy acquired approximately 4,200 acres of land by transfer and purchase;
further donations, transfers, and leases between 1939 and 1965 brought the total land acquired to
approximately 4,800 acres. Although portions of the site were never formally acquired, military
use included the entire Island of Culebra and all surrounding cays. The Navy retained 87.5 acres
near Flamenco Point that are not eligible for the Formerly Used Defense Site (FUDS) program.
The Northwest Peninsula (NWP) Target Area was also deemed ineligible for the FUDS program
per Public Law 93-166 (Military Construction Authorization Act, 1974). The 2005 revised
Findings and Determination of Eligibility report states that the site, except for 87.5 acres recently
transferred from the control of the Navy and the 408 acres of the NWP (1982 Quit Claim Deed),
has been determined to be formerly used by the Department of Defense (DoD) (USACE, 2005).
All military use of the island was terminated in 1975. In summary, the Island of Culebra, nearby
cays, and surrounding water were used between 1902 and 1975 for training and live fire of
bombs, mortars, rockets, torpedoes, projectiles, and small arms. Figure 1-1 shows the location of
Culebra and the MRSs. Figure 1-2 shows more detail on the MRSs and provides land and water
acreages. Figure 1-3, comprised of Plate 2 of the Archives Search Report (ASR) shows areas of
historical Department of Defense (DoD) activity.

During the Site Inspection (SI) completed by Parsons in 2007, the Culebra Island MRS was
evaluated for Munitions and Explosives of Concern (MEC) and Munitions Constituents (MC).
The MRSs included in the SI were established in the Revised Inventory Project Report (INPR)
that was completed in June 2005 [U.S. Army Corps of Engineers (USACE), 2005]. The Revised
INPR further defined the military use of the Island of Culebra and divided the original site,
Property No 102PR0068, into 14 separate MRSs. Of the 14 MRSs identified in the Revised
INPR, six MRSs were included for further evaluation under Contract W912DY-04-D-0006, Task
Order 0022:
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e MRS 06 — Atrtillery Firing Area (Terrestrial)

e MRS 08 — Cayo Norte Impact Area (Terrestrial)

e MRS 09 - Soldado Point Mortar and Bombing Area (Terrestrial)
e MRS 10 - Defensive Firing Area No. 1 (Terrestrial)

e MRS 11 - Defensive Firing Area No. 2 (Terrestrial)

e MRS 13 - Cayo Luis Pena Impact Area (Terrestrial).

The SI recommended conducting an RI/FS for all six MRSs.

This RI Report addresses the characterization of the former Culebra Island MRSs for the purpose
of developing and evaluating effective remedial alternatives. The characterization was designed
to identify hazards related to MEC and risks and hazards associated with MC. The FS Report,
produced as a separate document, will develop and evaluate remedial alternatives and provide
recommended actions for the evaluated areas of the site.

Chapter 2 provides descriptions for each of the Culebra Island MRSs included in this RI. The
Culebra Island MRSs included in this RI are shown in Figure 1-2.

As part of the Technical Project Planning (TPP) process, the TPP Team developed a Conceptual
Site Model (CSM) for each of the six Culebra Island MRSs addressed under this contract. The
CSMs were developed in support of the TPP process and are presented in Chapter 3. A CSM is a
dynamic document that is to be evaluated and revised each time new information is received.
Since an Sl was completed for this site, the initial CSM for this R was based on the Sl findings
(Parsons, 2007).

This space is intentionally left blank.
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1.2

REMEDIAL INVESTIGATION

The initial Culebra Island RI field work was conducted between May and October 2011. In 2013,
a groundwater investigation involving a well survey and groundwater sampling was added to the
project. Field work was conducted in September and December 2013. The RI included the
following field investigation activities:

Digital Geophysical Mapping (DGM) (Transects and Grids)

Anomaly Reacquisition and Intrusive Investigation (Grids)

Analog Mag-and-Dig Investigations (Beach areas and accessible trails)

Demolition and Disposal

Environmental Sample Collection (Soil, Sediment, Surface Water, and Groundwater)

Details pertaining to each field investigation activity are provided in Chapter 4. Table 1-1
summarizes the anomaly investigation results for the RI. Table 1-2 provides the environmental
sampling summary for the RI.

Table 1-1: Summary of RI Intrusive Investigation Results

Investigation Number of Locations
Type/MRS MEC MD img S;ing Hot Rock Ifgﬁ?s Total
DGM Anomalies
MRS 06 0 4 0 74 310 17 405
MRS 08 0 12 0 1 201 8 222
MRS 09 0 8 0 21 205 14 248
MRS 10 0 0 0 30 161 14 205
MRS 11 0 15 0 44 104 15 178
MRS 13 - - - - - - -
Analog Anomalies
MRS 06 0 0 0 44 0 14 58
MRS 08 0 0 0 26 0 1 27
MRS09 2 0 0 20 0 4 26
MRS 10 0 0 0 35 0 6 4
MRS 11 0 2 0 38 0 24 64
MRS 13 0 10 2 304 72 20 408
Total | 2 | 51 | 2 | 637 | 1,054 | 137 | 1882

Note: MD observations from a 2009 post award Site Visit were also used in the MEC assessment, but not
included here.
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Table 1-2: Remedial Investigation MC Sample Locations and Rationale

MRS Media Number QC Rationale
Soil (Surface) 4 1 Collected in a location where MEC or
MD were discovered and/or destroyed
06 Groundwater 2 1 Collected from existing wells in the
general vicinity of MD findings or
historical DoD activity.
08 Soil (Surface) 12 2 Collected in a location where MEC or
MD were discovered and/or destroyed
09 Soil (Surface) 8 2 Collected in a location where MEC/MD
Surface Water 3 1 were discovered and/or destroyed.
Sediment 3 1 Sediment and Surface Water in down
gradient areas from MEC/MD finds.
Groundwater 1 0 Collected from a well installed well as
part of the RI in the general vicinity of
where MD was discovered.
10 Soil (Surface) 0 0 No MEC or MD were discovered or
destroyed in this MRS and therefore,
IAW the WP, no samples were
collected.
11 Soil (Surface) 28 2 Collected in a location where MEC or
MD were discovered and/or destroyed.
Groundwater 1 0 Collected from a well installed as part
of the RI in the general vicinity of MD
findings.
13 Soil (Surface) 32 3 Collected in a location where MEC or
MD were discovered and/or destroyed.
Total 94 13

1.3 SUMMARY AND CONCLUSIONS

13.1

Munitions and Explosives of Concern Risk Assessment

The potential for human and ecological exposure to MEC was evaluated at each of the six
Culebra Island MRSs as part of this RI. Chapter 4 provides details for MEC Characterization and
Chapter 7 provides the details of the Baseline Risk Assessment for MEC. The following
paragraphs and Table 1-3 summarize the MEC characterization results of the RI for each MRS.
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Table 1-3: MEC Characterization Summary Table

MRS Land Use (Current / Future) MEC/MD Present? FS Recommended?
MRS 06 Residential/ Residential Yes (MD) Yes
Part-Time Residential/
MRS 08 Yes (MD) Yes

Residential or Resort

Nature Preserve, Residential /

MRS 09 Nature Preserve, Residential Yes (MEC and MD) es

MRS 10 Residential / Residential No Yes
Mixed Residential, Landfill /

MRS 11 YES (MD) Yes

Mixed Residential, Landfill

MRS 13 Nature Preserve/ Yes (MD) Yes
Nature Preserve

1.3.1.1 MRS 06 - Artillery Firing Area

The low density of the recovered munitions debris (MD) in MRS 06 is not indicative of these
areas being used as target or impact areas. Firing point locations have been historically
documented. MD recovered from two grids was identified as artillery primers, supporting the
documented use. Other debris from two other grids was identified as fragmentation; however, a
nomenclature for these items was not identified due to the small size of the fragments. One item
was discovered in a grid near areas containing debris associated with residential development.
The other MD item may be associated with the historical buffer areas of Cayo Botella, an
adjacent target island. The potential for human receptors to encounter surface or subsurface MEC
at MRS 06 is considered low; however, potential exposure to an explosive hazard cannot be
completely ruled out due to the historical firing points.

1.3.1.2 MRS 08 Cayo Norte Impact Area

The anomaly density on MRS 08 is relatively low; however, there are sufficient amounts of MD
to confirm the western side of MRS 08 was used as 75 mm artillery target area (from MRS 06
firing points), even if for a short period of time. No MEC or MD items were recovered along the
beach areas of MRS 08. The presence of MD in the upland areas indicates the possibility for an
explosive hazard to be present in MRS 08.

13.1.3 MRS 09- Soldado Point Mortar and Bombing Area

Two unexploded ordnance (UXO) items (Mk 25 Marine Flares) were recovered from MRS 09.
Historical data provided in the Culebra ASR (USACE 1995) and Culebra ASR Supplement
(USACE, 2005) for MRS 09 indicate former U.S. Marine Corps activities involving 4.2-in.
mortars in the 1920s with possible aerial bombing and strafing in the 1950-60’s. MD recovered
from grids confirms the presence of 4.2-inch high explosive (HE) mortars given evidence of
functioned M9 point detonating (PD) fuzes; however, no evidence of HE aerial bombs were
recovered in MRS 09. Given the presence of expended 4.2-inch mortar fuzes, a potential for
human and ecological exposure to HE MEC in MRS 09 exists.

Contract No. W912DY-04-D-0006; Task Order No. 0022 Page 1-11
July 2014



564

565
566
567
568

569

570
571
572
573
574
575
576
577

578

579
580
581
582
583

584

585
586
587
588
589
590
591
592
593
594
595

596

597
598
599
600

601
602
603

Remedial Investigation Report
Culebra Island Site, Puerto Rico

1.3.14 MRS 10- Defensive Firing Area No. 1

No MD items were recovered in MRS 10 during the RI; therefore, the potential for humans to
encounter MEC at the remaining areas of MRS 10 is considered low. Historical records indicate
that various areas of MRS 10 were used by the Marine Corps for maneuvers; therefore, potential
exposure to an explosive hazard cannot be completely ruled out.

1.3.15 MRS 11- Defensive Firing Area No. 2

Given the close proximity of the northern portion of MRS 11 to the NWP Bombardment Area, it
was anticipated that anomaly density would be heavy, posing an elevated risk. Intrusive results
for MRS 11 yielded higher densities in grids that were closer to the NWP Bombardment Area.
MD items, indicative of HE, were also recovered on the beach portions (Tamarindo Beach),
which are popular tourist locations. Given the presence of MD a potential for human and
ecological exposure to MEC in the northern portion of MRS 11 is high. Due to MD only being
recovered in the northern portion, MEC risk for MRS 11 was evaluated as two separate areas
(MRS 11 North and MRS 11 South).

13.1.6 MRS 13- Cayo Luis Pena Impact Area

During the post-award site visit, MD items [105 mm (HE and illumination); 5- and 3-inch
projectiles; flares; and fuzes] were noted at 112 locations on MRS 13 (Figure 5-6). During the
subsequent RI field work, multiple MD items were recovered on MRS 13 including a BDU-33,
empty 5-inch illumination projectile and MD fragments. The potential for human exposure to
MEC in MRS 13 exists due to the recreational users that frequent the beach areas.

1.3.2 MEC FS Recommendations

The data were collected in accordance with the approved Rl Work Plan (WP) and were used to
support a risk assessment approach as agreed upon by the TPP team. Two unexploded ordnance
(UXO) items (Mk 25 Marine Flares) were recovered from MRS 09, these items are suspected to
be from a non-DoD source. No other MEC items were recovered from the other five MRSs
during the RI activities. Several MD items were located in MRSs 08, 09, 11, and 13. The MEC
Hazard Assessment (MEC HA) noted that the potential for human receptors to come into contact
with MEC at MRSs 08, 09, 11, and 13 exists. Based on the data collected by the RI, MRSs 06
and 10 have a low likelihood of containing an explosive hazard but the possibility cannot be
completely ruled out. Therefore, a FS is recommended for all six Culebra Island MRSs to assess
response action alternatives for managing risk associated with potential human interaction with
MEC.

1.3.3 MC Risk Assessment

The baseline MC risk assessment followed a phased approach starting with simple screening
level risk assessment (SLRA) and moving toward a more complex, site-specific deterministic
risk assessment to evaluate the magnitude of the risk at the site. The results of the risk
assessment aid in the development, evaluation, and selection of appropriate response alternatives.

Chapter 5 provides details for MC Characterization actives conducted for the RI. Chapter 7
provides the Baseline Risk Assessment for MC. The following paragraphs summarize the MC
characterization results of the RI for each MRS.
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1.3.3.1 MRS 06 - Artillery Firing Area

There are no exceedances of Human Health screening values, and therefore no unacceptable
risks from former munitions use are present to human health from exposure to surface soil at
MRS 06.

Barium was detected in soil at concentrations greater than the ecological screening value. MRS
06 is historically documented as a firing point. No munitions with barium as a major constituent
were fired at targets located within MRS 06. It is likely munitions with barium were fired from
MRS 06 towards MRS 08 and/or MRS 02; however, there is no evidence of concentrated
munitions which would indicate a target area within MRS 06. During RI soil sampling, a
bulldozed berm of trash and construction debris was discovered adjacent to the area where
sampling was conducted. Since the debris found on site does not correlate with former activities
at this MRS, the debris could be a remnant of the nearby trash pile. Therefore, barium is not
considered to be related to former munitions use at MRS 06.

No unacceptable hazard or risk attributable to former munitions use is expected to occur at MRS
06 due to exposure to groundwater.

1.3.32 MRS 08 - Cayo Norte Impact Area

There were no exceedances in MC in the soil samples collected in MRS 08. Therefore no
unacceptable human health or ecological risks related to MC are expected from exposure to
surface soil in MRS 08.

1.3.3.3 MRS 09 - Soldado Point Mortar and Bombing Area

There are no exceedances of Human Health screening values, and therefore no unacceptable
risks are present to human health from exposure to surface soil, surface water or sediment at
MRS 09.

At MRS 09, unacceptable ecological risks are not expected for soil or surface water; however,
aluminum and copper were detected in sediment at a concentration greater than the ecological
screening value. The naturally occurring concentration of aluminum and copper in the Rs (Rock
Land Group) soil type is high and sediment at MRS 09 was sampled in a collection lagoon that
does not have an outfall or discharge in any way to other surface water bodies. Thus, it is likely
that metals can be concentrated in the collection lagoon due to erosion from surrounding soils.
During RI sampling activities, illegally dumped trash and metallic debris were observed in
sediment at this site. Therefore, elevated concentrations of aluminum and copper in sediment
may be a result of illegal dumping and concentration of metals in sediment, and may not be
related to former munitions use at MRS 09. Thus, based on the results of sampling conducted at
this site and evaluation of the surrounding area, aluminum and copper are not considered to be
related to former munitions use at MRS 06..

No unacceptable hazard or risk attributable to former munitions use is expected to occur at MRS
09 due to exposure to groundwater.
1.3.34 MRS 10 - Defensive Firing Area No. 1

Environmental samples were not collected in MRS 10 since no MD was discovered during the
RI field work. Given the lack of MD, and no evidence of concentrated munitions use, it is
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reasonable to state that there are no human health and ecological risks related to former
munitions use at MRS 10.

1.3.35 MRS 11 - Defensive Firing Area No. 2

There are no exceedances of human health screening values, and therefore no unacceptable risks
to human health related to former munitions use are present from exposure to surface soil,
surface water or sediment at MRS 11.

At MRS 11, mercury was detected in soil at a concentration greater than the ecological screening
value. Due to the small quantities of MD and no MEC found in this MRS, it is unlikely that the
mercury exceedance is a result of former munitions use. Mercury is used as a primary explosive
(mercury fulminate) in very small quantities and is completely consumed in a detonation. Due to
no MEC and very small quantities of MD, it is unlikely the source is from DoD use of the MRS.
A municipal landfill is located on the northern portion of MRS 11 in close proximity to the area
where mercury was detected above the ecological screening value. The landfill is unlined and
contains items such as fluorescent light bulbs, appliances, and electronics. It is possible landfill
leachate transported by overland flow is the suspected source that contributed to the mercury
detected in soil at this site. Therefore, mercury in soil is not considered to be related to former
DoD munitions use at MRS 11.

1.3.3.6  No unacceptable hazard or risk attributable to former munitions use is expected to
occur at MRS 11 due to exposure to groundwater.MRS 13 - Cayo Luis Pena Impact Area

There were no exceedances of MC screening values in the soil samples collected in MRS 13.
Therefore, no unacceptable human health and ecological risks related to former munitions use
are expected in MRS 13.

1.3.4  Summary of Conclusions for MC

Based on results of the baseline risk assessment and a review of the MC risk assessment
objectives, unacceptable human health risks are not expected at any of the Culebra Island MRSs
investigated as part of this RIl. No unacceptable ecological risks from former munitions use are
expected at any of the Culebra Island MRSs investigated as part of this RI. Therefore MC will
not be evaluated in the FS.

As noted above, the conclusions and recommendations of this report apply only to the terrestrial
portions of the six MRSs addressed in the RI.

This space is intentionally left blank.
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CHAPTER 2. INTRODUCTION

21 PURPOSE

The primary purpose and scope of this project is to perform a RI designed to gather the data
necessary to determine the nature and extent of MEC and MC contamination on six of the 14
MRSs identified on Culebra Island (MRSs 06, 08, 09, 10, 11, and 13). The data will be used to
assess hazards that are associated with MEC and to conduct a baseline risk assessment for human
health and the environment. . The results of the RI will be used to develop and evaluate
alternatives in the FS. This RI report addresses the terrestrial portions of the MRSs only. The RI
and FS for the underwater portions of these MRSs will be evaluated in separate documents. The
remaining MRSs will be addressed under separate contracts.  The conclusions and
recommendations of this report apply only to the terrestrial portions of the six MRSs addressed
in the RI.

2.2 PROPERTY DESCRIPTION AND PROBLEM

2.2.1 Location

The project location is Culebra Island (MRS 06, 09, 10, and 11), approximately 17 miles east of
the main island of Puerto Rico and also includes surrounding islands Cayo Luis Pena (MRS 13),
located approximately three-quarters of a mile off the western coast of Culebra Island and Cayo
Norte (MRS 08), located approximately one-half mile off the northeast coast of Culebra Island.
Culebra Island and the surrounding cays are part of the Commonwealth of Puerto Rico. This RI
addresses the terrestrial portions of the six MRSs only. The underwater portion of the MRSs are
not evaluated in this document. The site location is shown in Figure 1-1. MRS locations are
shown on Figure 1-2. Figure 1-3, Plate 2 from the Archives Search Report, shows historical
areas of DoD activity.

2211 MRS 06 — Artillery Firing Area

MRS 06 is on the eastern end of Culebra extending from a point at the most northern tip of
Mosquito Bay, northeast to a point just west of Duck Point, and east to the end of the island. This
area consists of 826 land based acres and was used by the Marines for artillery firing points for
exercises conducted from 1922 through the 1940s. (USACE, 2005a). Exercises involving small
arms, 75 mm pack howitzers, 3-inch Stokes mortars, and 37 mm HE projectiles were conducted
in Mosquito Bay in 1936. Beginning in 1936, the Marines fired 75mm projectiles from a firing
point inland of Mangrove Bay at Weather Channel near Culebrita. Additionally, in 1937, U.S.
Fleet Landing Exercise (FLEX) No. 4 involved use of the lagoon area at the back of Mosquito
Bay. In 1939, the Marines fired from 1,000 yards northeast of Mosquito Bay toward the cays to
the east. From Mosquito Bay, 37mm projectiles were fired west to water targets between Point
Vaca and Snapper Shoal. (USACE, 2004). Currently, this MRS is almost entirely privately
owned with residences scattered throughout. The water line is owned by the Puerto Rico
Department of Natural and Environmental Resources (DNER) and the US Fish and Wildlife
Service (USFWS). There is no barrier to public access. (CRIM, 2011)
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2.2.1.2 MRS 08 — Cayo Norte Impact Area

MRS 08 includes only Cayo Norte and covers approximately 306 acres of land. Cayo Norte was
leased by the Marines for training; however, it has not been determined from records whether the
site was ever used for training (USACE, 2005a). Underwater portions of this MRS are not
evaluated in this document.The property was leased from a private owner in 1924 for erecting
artillery targets for 75 mm artillery practice. This lease was ended as part of the agreement
between the Navy and the Mayor of Culebra in 1971. Notes on FLEX No. 5 indicate that impact
of Cayo Norte was planned but that difficulties clearing people and cows from the island kept it
from being used for an impact area. The surrounding waters to the east of the Cayo Norte may
contain suspected 5-inch high velocity aircraft rocket (HVAR) from adjacent MRSs. No UXO
has previously been documented as found on Cayo Norte. (USACE, 2005b). Cayo Norte is
privately owned. (CRIM, 2011).

2.2.1.3 MRS 09 - Soldado Point Mortar and Bombing Area

MRS 09 consists of 328 acres (203 land acres, 125 water acres) on the very southern tip of the
southern peninsula of Culebra. Underwater portions of this MRS are being evaluated in a
separate document. Several training exercises including mortar firing, aerial bombing, and
strafing were conducted on Soldado Point and the bay northwest of Soldado Point during the
1930s and 1940s (USACE, 2005a). The Supplemental Archives Search Report (ASR) mentions
that 30- and 1,000-pound bombs were dropped in this area (USACE 2005b). Munitions used in
the bay included 30-pound fragmentation bombs, 100-pound demolition bombs, 81mm mortars,
and small arms.

This piece of property was accepted in a quitclaim deed from the Secretary of the Interior by the
Governor of Puerto Rico in 1982. This property is managed by the DNER; however, several
shacks have been built along the water at Sueno Cove (CRIM, 2011).

2.2.1.4 MRS 10 - Defensive Firing Area No. 1

MRS 10 consists of 547 acres (522 land acres, 25 water acres) on the southern peninsula of
Culebra, south of the town of Dewey and north of MRS 09 (USACE, 2005a). Underwater
portions of this MRS are not evaluated in this document. Marines conducted amphibious landing
and ground maneuver training using 81mm mortars on the beaches and hills in this area from the
1920s through the 1940s. Specifically, the hill on the north end of the MRS has been listed as a
1935 area of direct fire from 3” Common projectiles, and Snug Bay was shown as a 1935 water
area for direct fire. Additionally a 1924 outpost and ammunition storage area is located on the
north end of the MRS near Snug Bay (USACE, 2005b). MRS 10 has many residents and
businesses. Most of the development is near the town of Dewey on the north end of the site;
however, houses are scattered throughout the southeastern side of this MRS. This MRS is almost
entirely privately owned except for municipality lands such as the police and fire stations.
(CRIM, 2011).

2.2.15 MRS 11 - Defensive Firing Area No. 2

MRS 11 is located on the west side of Culebra between the NWP and the town of Dewey. The
area is approximately 719 acres (694 land acres, 25 water acres) (USACE 2005a), and most of
the southern portion of this MRS has been extensively developed for residential use. Underwater
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portions of this MRS are not evaluated in this document. The areas along the beach and the west
side of this site are less developed. The land is privately owned with some municipality
properties such as the school, hospital, and government buildings (CRIM, 2011). Several training
exercises were conducted in this area, including 75mm and 155mm firing from Firewood Bay at
Mono Cay and portions of Cayo de Luis Pena in 1924; FLEX No. 4 with firing of small arms and
81mm mortars in 1936; and FLEX No. 7 in 1941 with boat-to-beach firing of 5-inch and 6-inch
projectiles. (USACE, 2005b)

2.2.16 MRS 13 — Cayo Luis Pena Impact Area

MRS 13, Cayo de Luis Pena, with 484 acres of land and 864 total MRS acres (484 land acres,
380 water acres), is approximately three quarters of a mile off the western coast of Culebra.
(USACE, 2005a). Underwater portions of this MRS are being evaluated under a separate
document. The northern tip of this island was used as a firing target during Marine exercises
conducted between 1924 and 1941. Records show that 75mm projectiles were fired at the Cayo
in 1924 and that 155mm, 37mm, 8-inch, and 6-inch projectiles may have also been used. In the
1960s, an observation point was erected on the hilltop on Luis Pena, including a run-in line,
helipad, and living quarters. Cayo de Luis Pena is managed by the USFWS as part of the Culebra
National Wildlife Refuge.

Note: In MRS 11 and 13 (overshoot zones from the Northwest Peninsula target area), there is
evidence of Navy illumination rounds (cases), however these don’t contain Explosive D filler.
Based on data collected under other efforts and source information (2007 SI, ASRs), the target
area for naval munitions is located on the Northwest Peninsula (MRS 02).

2.2.2 Topography

Culebra Island and the surrounding cays are comprised of sandy beaches, irregular rugged
coastlines, lagoons, coastal wetlands, steep mountains, and narrow valleys. Ninety percent of the
island is mountainous. The island contains an east-west trending ridge with an average elevation
of 300 feet mean sea level (msl) in the northern part of the island. The highest point on Culebra
is Mount Resaca at approximately 640 feet msl. Topographic features are shown on Figure 1-2.

Two Culebra Cayos are included in this RI. Cayo Norte (MRS 08) is a generally flat island with
several hills on the western side. The elevation ranges from 80 to 300 feet msl. The shoreline on
the north side of the island consists of cliffs dropping off to the water. The southern side slopes
down to the water and contains beaches. The island consists of light to moderate vegetation with
large open areas. There is one body of water on the south side of the island that is connected to
the beach; it is most likely a large, brackish tidal pool.

Cayo Luis Pena (MRS 13) is comprised of sandy beaches, irregular rugged coastlines and steep
mountains. A peak of 476 feet msl is located in the center of the Cayo and a smaller peak of 171
feet msl exists on the northern peninsula of the Cayo.

2.2.3 Climate

The weather on Culebra Island is generally warm year round due to its tropical marine climate.
Based on the Charlotte Amalie HAR, Virgin Islands, weather station (1972 - 2012) located 20
miles to the east, yearly average rainfall is approximately 40.01 inches. The months of August
through November are considered the wet season, and the driest months are January through
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April. Average daily temperatures range from an average maximum of 87.4 °F and an average
low of 75.3°F. Winds are generally from the east-northeast during November through January
and from the east during February through October. Yearly average wind speed is 8 knots.
Hurricane season is from June through November, and severe hurricanes hit Culebra every 10 to
20 years. The average rainfall is provided in Table 2-1 (SERCC, 2012).

Table 2-1: Average Rainfall, Culebra Island Puerto Rico

Jan | Feb Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Year

inches | 2.03 | 1.45 146 | 274|335 |275|266| 3.83 | 542 | 594 | 554 | 2.84 | 40.01

Source: SERCC, 2012

2.2.4  Vegetation

Vegetation is moderately to extremely dense on undeveloped portions of Culebra, Luis Pena,
Northeast Cay, and Culebrita; however, vegetation is sparse or absent on many of the smaller
cays as most are rocky with very little soil. Hazardous vegetation includes the Mesquite acacia or
thorny brush, which may be present on Culebra and all of the surrounding cays, and the
poisonous Manchineel tree (also called Manzanillo Tree or “Tree of Death”), which is known to
be present on the NWP and near Flamenco Lagoon. Endangered vegetation includes the
spineless Culebra Island cactus (Leptocereus grantianus).

2.25 Geology

Culebra Island and the surrounding cays are part of the Culebra Archipelago. Culebra is
underlain mainly by mixed volcanic rocks which include lava, tuff, breccia, and tuffaceous
breccia. Bedrock is exposed at land surface in 50 to 70 percent of the Island and a thin
granulated soil (0.3 to 0.6 m thick) occurs in pockets between rocky areas (USGS, 2002). Some
small areas underlain by alluvium near the coast. The clastic sediments are present in small areas
along the coast and within the small valleys incised by the intermittent streams (USGS, 1996).
The rocks in the north-central portion of Culebra and on the east side of Cayo Luis Pena contain
diorite porphyry inclusions and have little to no porosity due to compaction and quartz and
calcite growth in the pore space (USACE, 1995).

2.2.6  Hydrology

There are no permanently flowing surface water streams on Culebra; potable water is obtained
from Autoridad de Acueductos y Alcantarillados (AAA), a Commonwealth-owned utility that
maintains a pipeline from the main island routed through the neighboring island of Vieques.
Three large ephemeral streams drain the hills north of Great Harbor to the south, and one large
ephemeral stream has developed along an old, washed-out jeep road on the north side of the
island toward Brava Beach. These ephemeral streams generally carry water only after heavy
precipitation. There are many small ephemeral gullies and ditches throughout the island, and
several lagoons are present on Culebra as well (USGS, 1948).

The following sections describe the hydrology within each MRS.
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2.2.6.1 MRS 06 — Artillery Firing Area

The heavily dissected terrain and moderate elevations ranging from sea level to over 225 ft msl,
leads to multidirectional surface water flow patterns. The central portion of the MRS primarily
drains in a temporal stream to Mangrove Bay to the southeast, the northeastern portion of the
MRS primarily drains northeast between Duck Point and Larga Beach. A ridgeline keeps
surface water draining from this MRS from draining into Zoni Lagoon. The central areas of the
MRS drain into Mosquito Bay. No significant volumes of fresh surface water are present within
the MRS. Several small lagoons are scattered throughout the MRS.

2.2.6.2 MRS 08 — Cayo Norte Impact Area

Surface water on the island of Cayo Norte primarily drains in ephemeral streams radially into the
ocean. Two intermittent streams drain the south facing slopes of the MRS into a lagoon located
in the southcentral area of the MRS.

2.2.6.3 MRS 09 - Soldado Point Mortar and Bombing Area

Surface water in MRS 09 drains radially from elevations that rise to over 225 ft. One ephemeral
stream drains into Ensenada Dakity. Two lagoons are present within the MRS, one due west of
Ensenada Dakity, the other north west of Sueno Cove. The areas to the northwest drain into
Ensenada Fulladosa. The north eastern areas either drain directly into Ensenada Honda, or into
the lagoon west of Ensenada Dakity, which eventually flows either into Ensenada Honda or
directly into the Atlantic Ocean. The Southeastern portion of the site drains into Sueno Cove.
The Southwestern areas drain directly into the ocean.

2.2.6.4 MRS 10 - Defensive Firing Area No. 1

Surface water in MRS 10 drains in small ephemeral gullies radially from a central peak which
rises to over 325 feet. Surface water draining from the northern areas of the MRS drain directly
into Ensenada Honda, and the northeastern areas drain into Ensenada Fulladosa. The
northwestern areas drain into a small inlet to the northwest of the MRS that is hydrologically
connected to both Ensenada Honda to the east and Bahia De Sardinas to the west. No perennial
surface water bodies are present.

2.2.6.5 MRS 11 - Defensive Firing Area No. 2

Surface water flow in MRS 11 is divided by a northwest/southeast trending ridgeline which rises
to over 400 feet. Water in the northern areas drain into Flamenco Lagoon. The eastern side of
the ridge drains to an ephemeral stream and eventually flows into Ensenada Honda. The western
side of the ridge either drains to Cornello Lagoon located on the central western side, or to Canal
Luis Pena. The northern areas of the western side drain to Tamarindo Bay.

2.2.6.6 MRS 13 — Cayo Luis Pena Impact Area

Surface water in MRS 13 drains radially in small ephemeral gullies from a central peak which
rises to over 450 ft. in the northern areas and from a smaller peak rising to approximately 150 ft.
in the southeastern areas. The northern portions of the smaller peak flow to a small unnamed
lagoon. No significant volumes of fresh surface water are present within the MRS. A lagoon
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present on the northern edge of the southern lobe of the island is heavily influenced by tidal
water.

2.2.7 Hydrogeology

Ground water in Culebra occurs in alluvial deposits and in the volcanic and plutonic rocks.
Alluvial deposits are located along major stream valleys that reach the coast. The alluvium is
mostly composed of silt and clay with limited quantities of sand and gravel. Fractures and joints
within the volcanic and plutonic rock formations store water in small quantities. Most of these
fractures and joints diminish in number and size with depth and pinch out at about 300 feet
below land surface. Water-table conditions prevail in the bedrock aquifer (USGS, 2002).

By comparing changes in water levels with records of well pumpage and estimates of recharge,
the specific yield for the bedrock aquifer was estimated as less than one percent (USGS, 1996).

The majority of depths to groundwater range from 0 to 15 feet near the shore line where most
people are located, increasing as elevation rises to a maximum recorded value of 48 feet at
higher elevations (USGS, 1995). The wells sampled in the RI reported depth to groundwater
findings of 3.5 to 10.5 feet bgs in MRS 06, 21.4 ft bgs in MRS 09, and 18.3 feet bgs in MRS 11.

Historically, desalinated seawater and rooftop-rainfall catchments have served as primary
sources for water supply. The Puerto Rico Aqueduct and Sewer Authority (PRASA) is
responsible for freshwater supply and distribution to the public for the island. In the past,
PRASA maintained a municipal well field of five wells as a major source of water for public
supply. In 1971, a desalination plant was built to purify the well water which has a high mineral
content and is unsuitable for drinking (USGS, 1995). Eventually, the wells could not meet
demand and currently water demands are met by water pumped in from Puerto Rico mainland.
There are no indications that this will change in the future.

2.2.8 Sensitive Environments

The information identifying sensitive environments on Culebra was identified in a 2011
biological inventory found in Appendix P (Gaddy, 2011). Table 2-2 lists all endangered,
threatened, and otherwise protected species known to occur or potentially-occur on the island of
Culebra and outlying cays. Species historically known to occur on Culebra and outlying cays are
given in bold type. Species not listed in bold type are federally-listed species known to occur on
Vieques, St. Thomas, or St. Croix that potentially-occur on Culebra and outlying cays.

Eighteen of the twenty-three species in Table 1 are federally-listed as endangered or threatened
by the U. S. Fish and Wildlife Service (USFWS, 2010b and USFWS, 2012c), four species are
officially listed by the Puerto Rico Department of Natural Resources (Estado Libre Asociado de
Puerto Rico). Departmento de Recursos Naturales y Ambientales, 2004), and one species
(Justicia culebritae) is listed as a federal “species of concern.”

Of the twenty-three species in Table 1, only four species—Dermochelys coriacea (leatherback
turtle), Eretmochelys imbricata (hawksbill turtle), Leptocereus grantii (Grant’s leptocereus), and
Justicia culebritae (Culebrita water-willow)—are known to occur within the six MRS study
areas. The leatherback turtle is known to be found in MRS 6 and MRS 8; the hawksbill turtle is
known to be found in MRS 8 and MRS 09; Grant’s leptocereus is known to be found in MRS 9,
10, and 11; and the Culebrita water-willow is known to be found in MRS 8 and MRS 13. All of
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the above species are federally-listed as “endangered” with the exception of the Culebrita water-
willow, which is listed as a federal “species of concern.”

According to the DNER, the conservation priority areas for Culebra and associated cays are as
follows:

e All of the lagoons on Culebra

e Monte Resaca

e All beaches around Culebra

e The designated critical habitat area for the Virgin Islands Boa

e Flamenco Peninsula

e Puerto del Manglar

e Los Canos

e Punta Soldado

e Bahia (also called “Ensenada”) Cementerio

e All cayos and cays around Culebra

e The Culebra National Wildlife Refuge

e The Canal Luis Pena Natural Reserve.

The USACE document Standard Operating Procedures for Endangered Species Conservation
and their Habitat on DERP-FUDS Project No. 102PR006802.Culebra, Puerto Rico (included as
Appendix M of the RI Work Plan) provided a series of SOPs to avoid or minimize impacts to
threatened and endangered species during Defense Environmental Restoration Program (DERP)-
FUDS work at locations on Culebra Island and adjacent cays and in surrounding waters that
serve as habitat for these species. These SOPs “are in accordance with on-going communication
with staff from the USFWS, the National Marine Fisheries Service (NMFS) and the DNER, as
well as pursuant to the Interim Guidelines provided by FWS to work on lands of Culebra
National Wildlife Refuge, with the U.S. Army Corps of Engineers (USACE) Regulations and
Environmental Operating Principles”. USA field teams followed all recommended procedures to
minimize impacts during the RI field work. The field biologist marked each endangered plant
with ribbon to avoid disturbance.

This space is intentionally left blank.
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Table 2-2: Known and potentially occurring federally- and Puerto Rican- listed
endangered, threatened, and otherwise protected species on the island of Culebra and
outlying Cays, Puerto Rico.

Species Common Name Taxonomic Group Status Habitat
Anolis roosevelti Culebra Giant Lizard FE/CR | Mature Forest
Anole; Lagartijo
Gigante de Culebra
Calyptranthes Thomas’ Lidflower Tree-Myrtaceae FE/CR | Forest (Vieques)
thomasina
Caretta caretta Loggerhead Turtle | Turtle (Marine) FT Beaches
Catesbaea Tropical Lilythorn Shrub-Rubiaceae FE Shrub Forest on
melanocarpa Limestone (St. Croix)
Chamaecrista Jamaican Broom Tree-Fabaceae FE/EN | Forest (Vieques)
glandulosa var.
mirabilis
Charadrius melodus Piping Plover Bird FE/CR | Beaches
Chelonia mydas Green Turtle Turtle (Marine) FT/EN | Beaches
Dendrocyna arborea West Indian Bird CR Wetlands
Whistling Duck
Dermochelys coriacea Leatherback Turtle | Turtle (Marine) FE/EN | Beaches
Epicrates monensis Virgin Island Tree Snake FE/CR | Forest with continuous
grantii Boa; Boa Pinta canopy and abundance of
anoles
Eretmochelys Hawksbill Turtle Turtle (Marine) FE/EN | Beaches
imbricata
Goetzea elegans Beautiful Goetzea Tree/Shrub-Solanaceae | FE/EN | Forest (Vieques)
Justicia culebritae Culebrita Island Subshrub-Acanthaceae SC Coastal Scrub/Shrub
Water-Willow
Leptocereus Grant’s leptocereus | Herb-Cactaceae FE/CR | Nonforest and Forest
grantianus
Mabuya mabouya Slipperyback Lizard VU Forest
sloanei Skink; Lucia; St.
Lucia
Pelecanus occidentalis | Brown Pelican Bird FE/EN | Bays and Coastal Areas
Peperomia wheeleri Wheeler’s Herb-Piperaceae FE/EN | Forest
Peperomia
Stahlia monosperma* Cobana Negra Tree-Fabaceae FE/VVU | Margins of Mangrove
Swamps
Sterna antillarum Least Tern Bird FE/DD | Beaches
Sterna dougallii Roseate Tern Bird FE/VU | Nonforested Areas
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Species Common Name Taxonomic Group Status Habitat
Trachemys stejnegeri Jicotea; P. R. Slider | Turtle DD Wetlands
Typhlops granti Culebra ciega de Snake DD Forest

Grant; Grant’s
Blind Worm Snake

Zanthoxylum St. Thomas Prickly- Shrub-Rutaceae FE/EN | Evergreen Forest on
thomasianum Ash Limestone

(St. Thomas)

Source: Compiled by Gaddy, 2011 based on USFWS, 2010b and ¢
Bold Type-indicates that the species is known to occur on Culebra.

Federal Listings:

FE-federally-listed as endangered;
FT-federally-listed as threatened; SC-not officially list, but “species of concern,” according to Fish and Wildlife
Service;

Puerto Rican Listings:

VU-vulnerable;

EN-en peligro;

CR-en peligro critico;
DD-deficiencia de datos.

*Known to be planted on Culebra; may have escaped into wild areas.

This space is intentionally left blank.
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Table 2-3: Study Areas, habitat/cover types, and endangered species.

Study Listed Speciespresent Or
Area Name Habitat/Cover Types Potentially Present *
MRS 06 Artillery Firing Area Beaches/Shores; Dermochelys coriacea
Lagoons; Rocky Cliffs; (leatherback turtle);
(Viento Point Area) Legume Eretmochelys imbricata
Canopy/Grassland (hawksbill  turtle); Epicrates
Understory; Low | monensis grantii (Virgin Islands
Legume Shrub- | tree boa); Leptocereus grantii
Scrub/Cactus (Grant’s leptocereus)
MRS 08 Cayo Norte Impact Area Beaches/Shores; Dermochelys coriacea
Lagoons; Rocky Cliffs; (leatherback turtle);
Open Grassland; Closed Eretmochelys imbricata
Forest Canopy; Legume | (hawksbill turtle); Epicrates
Canopy/Grassland monensis grantii (Virgin Islands
Understory tree boa); Anolis roosevelti
(Culebra giant anole); Justicia
culebritae  (Culebrita  water-
willow)
MRS 09 Soldado Point Mortar and Beaches/Shores; Eretmochelys imbricata
Bombing Area Lagoons; Rocky Cliffs; (hawksbill turtle); Leptocereus
Low Legume Shrub- grantii (Grant’s leptocereus)
Scrub/Cactus
MRS 10 Defensive Firing Area Beaches/Shores; Rocky | Eretmochelys imbricata
No. 1 (southeast of | Cliffs; Open Grassland; (hawksbill turtle);  Epicrates
Dewey) Closed Forest Canopy; monensis grantii (Virgin Islands
Legume tree boa); Anolis roosevelti
Canopy/Grassland (Culebra giant anole);
Understory; Low | Leptocereus grantii (Grant’s
Legume Shrub- leptocereus); Peperomia
Scrub/Cactus wheeleri (Wheeler’s peperomia)
MRS 11 Defensive Firing Area Beaches/Shores; Eretmochelys imbricata
No. 2 (northwest of Lagoons; (hawksbill turtle);  Epicrates
Dewey) monensis grantii (Virgin Islands
Rocky Cliffs; Open | tree boa); Anolis roosevelti
Grassland; Closed | (Culebra giant anole);
Forest Canopy; Legume | Leptocereus grantii (Grant_’s
Canopy/Grassland leptocereus); Peperomia
Understory wheeleri (Wheeler’s peperomia)
MRS 13 Cayo Luis Pena Impact Beaches/Shores; Dermochelys coriacea
Area Lagoons; Rocky Cliffs; (leatherback turtle);
Eretmochelys imbricate
Closed Forest Canopy (haWkal" turtle); Epicrates
monensis grantii (Virgin Islands
tree boa); Anolis roosevelti
(Culebra giant anole); Justicia
culebritae  (Culebrita  water-
willow); Leptocereus grantii
(Grant’s leptocereus);

Peperomia wheeleri (Wheeler’s
peperomia).

*See Table 1 for species details.

Source: Biological Study
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2.2.9 Cultural and Archeological Resources

According to the National Register Information System (NRIS), National Historic Landmarks
(NHL) list, National Heritage Areas (NHA) list, and National Park Service (NPS), there are no
registered cultural resources within the Culebra Island MRSs. According to the Puerto Rico
State Historic Preservation Office (SHPO), there are no known architectural resources within the
boundary of the MRSs area; however, an architectural survey has not yet been conducted for
Culebra.

2.2.10 Demographics

The U.S. Census Bureau’s (USCB) Census 2010 provided the general demographics of the
Municipality of Culebra summarized in Table 2-4 (USCB, 2011).

Table 2-4: Demographic Summary -- Municipality of Culebra, Puerto Rico

General Characteristics Number Percent
Total Population 1,818
Male 921 50.7
Female 897 49.3
Population Density
(persons per square mile) 69.6
Median Age (years) 394
Under 5 Years 101 5.6
18 Years and Over 1,403 77.2
65 Years and Over 265 14.6
Total Housing Units 1,603
Occupied Housing Units 749 46.7
Owner-Occupied Housing Units 484 64.6
Renter-Occupied Housing Units 265 35.4
Vacant Housing Units 854 53.3

2.2.11 Current and Future Land Use

2.2.11.1 MRS 06 Artillery Firing Area

MRS 06 is almost entirely privately owned except for the water line, which is owned by the
DNER and USFWS. This tract contains several residences scattered throughout the MRS.
Portions of this tract are currently being developed with others listed for sale for potential
development. Site conditions could change in the future with potential impact on land use.
Examples might include excessive soil erosion on beaches or streams, or the increase in land
development that could reduce distances from the site to inhabited areas or otherwise increase
accessibility.
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2.2.11.2 MRS 08 Cayo Norte Impact Area

MRS 08 covers all of Cayo Norte, a privately owned island with no barriers to access. One
structure identified as a part time residence is present on the south slope (USACE, 1995). The
Cayo is owned by an investment group with plans for development. Site conditions could change
in the future with potential impact on land use. Examples might include excessive soil erosion on
beaches or streams, or the increase in land development that could reduce distances from the site
to inhabited areas or otherwise increase accessibility. (CRIM, 2011)

2.2.11.3 MRS 09 Soldado Point Mortar And Bombing Area

MRS 09 is managed by the DNER and residential development is not currently allowed on the
site; however, several shacks and small structures are present in the southeastern portion of the
MRS. Several structures are located in the northwestern portion of the MRS. The potential exists
for public area structures to be developed at some point in the future. There are no restrictions for
using the beach areas or entering the surrounding waters for recreation activities. Site conditions
could change in the future with potential impact on land use. Examples might include excessive
soil erosion on beaches or streams, or the increase in land development that could reduce
distances from the site to inhabited areas or otherwise increase accessibility. Seasonal surf action
could cause changes in the bottoms of the surrounding waters. (CRIM, 2011)

2.2.11.4 MRS 10 Defensive Firing Area No. 1

MRS 10 is almost entirely privately owned except for municipal lands such as the police and fire
stations. Residences are concentrated toward the shoreline along the northern areas of the MRS,
and scattered toward the in land in the south eastern areas. Some residential areas have been
developed on the hills overlooking the potential mortar impact areas. Site conditions could
change in the future with potential impact on land use. Examples might include excessive soil
erosion on beaches or streams, or the increase in land development that could reduce distances
from the site to inhabited areas or otherwise increase accessibility. Seasonal surf action could
cause changes in the bottoms of the surrounding waters. The water area adjacent to this shore is
generally not used for recreational activities. (CRIM, 2011)

2.2.11.5 MRS 11 Defensive Firing Area No. 2

Most of the southern portion of MRS 11 has been extensively developed for residential use. The
areas along the beach and the west side of the MRS are less developed. The land is privately
owned with some municipal properties which include a school, hospital, and government
buildings. Residential areas have been developed on the hills overlooking the potential mortar
impact areas. Development could occur throughout the site. Site conditions could change in the
future with potential impact on land use. Examples might include excessive soil erosion on
beaches or streams, or the increase in land development that could reduce distances from the site
to inhabited areas or otherwise increase accessibility. The immediate offshore waters are part of
the Luis Pena Water Refuge (CRIM, 2011).

Residences and other development are concentrated in the southeastern portion of the MRS. A
few residences are located along the northern border. A municipal landfill, built in 1984 of
approximately 13 acres is located in the northwestern portion of the MRS on the south facing
slope. The island airport is located immediately north of the eastern end of the MRS.
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2.2.11.6 MRS 13 Cayo Luis Pena Impact Areas

MRS 13 covers all of Cayo Luis Pena. The Cayo is managed by the USFWS and DNER as part
of the Culebra National Wildlife Refuge. Residential areas do not exist on Cayo Luis Pena.
USFWS personnel access various areas of the site often, as do boaters who often visit the beach.
Heavy vegetation and steep terrain create barriers to access most of the upland areas. Site
conditions could change in the future with potential impact on land use. Examples might include
excessive soil erosion on beaches or streams, or the increase in land development (public
structures) that could reduce distances from the site to inhabited areas or otherwise increase
accessibility (CRIM, 2011).

2.3 HISTORICAL INFORMATION

In 1898, the Spanish American War concluded and the Kingdom of Spain ceded all of Puerto
Rico to include Culebra and its adjacent cays to the U.S. Shortly after, in 1900, President
Theodore Roosevelt placed Culebra under the jurisdiction of the Department of the Navy. In
1903, the Navy acquired approximately 4,200 acres of land by transfer and purchase; further
donations, transfers, and leases between 1939 and 1965 brought the total land acquired to
approximately 4,800 acres. Although portions of the site were never formally acquired, military
use included the entire Island of Culebra and all surrounding cays. The Navy retained 87.5 acres
near Flamenco Point that are not eligible for FUDS. The NWP Target Area was also deemed
ineligible for the FUDS program per Public Law 93-166 (Military Construction Authorization
Act, 1974). The 2005 revised Findings and Determination of Eligibility report states that the
site, except for 87.5 acres recently transferred from the control of the Navy and the 408 acres of
the NWP (1982 Quit claim Deed), has been determined to be formerly used by the DoD
(USACE, 2005).

Although reconnaissance trips, development of a base, and placement of guns began as early as
1902, the first maneuvers at Culebra did not begin until January 1914, with the Marines first
Advance Base Expedition establishing several encampments and 3-inch and 5-inch gun batteries
at the mouth of Great Harbor. The Marines’ use of the island continued over several more
decades. In 1922, an exercise was conducted firing 7-inch, 8-inch, 3-inch, 155-millimeter (mm),
75mm, and 37mm guns. In 1924, maneuvers included establishment of ammunitions dumps
throughout the island, firing of 75mm and 155mm guns, and mine placement in several water
areas around Culebra.

In 1934, the Navy and Marines organized to carry out the first FLEX, Fleet Problem XV.
Weapons used during this exercise included .30-caliber machine guns, 3-inch anti-aircraft guns,
6-inch gun batteries, 75mm batteries, and 6-inch naval guns. Six more FLEXs were conducted
on Culebra Island between 1935 and 1941. Photographic accounts document Marine landing
exercises in 1946 and 1947. Marine training at Culebra is believed to have continued until the
late 1950s.

The NWP was used for live gunnery practice between 1936 and January 1, 1972. During this
period of time, a total of 750,000 naval rounds had been estimated as being fired. During the
period 1942 to 1968, an estimated 320,000 units of air ordnance were fired at the NWP. Eighty
percent of the ammunition was 5-inch caliber. Ten percent was comprised of 3-inch, 6-inch, and
8-inch gun ammunition. The balance included other varieties up to and including 16-inch
mortars, and howitzers. (U.S. Navy Memorandum dated June 1973 from Commander in Chief
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U.S. Atlantic Fleet to Chief of Naval Operations, Subject: Time-Phased Plan for Relocation of
Training Activities from the Culebra Complex to the Islands of Desecheo and Monito). Naval
exercises included aerial bombardment, submarine torpedo fire, and naval gunfire directed at
NWP and many cays. All military use of the island was terminated in 1975. In summary, the
Island of Culebra, nearby cays, and surrounding water were used between 1902 and 1975 for
training and live fire of bombs, mortars, rockets, torpedoes, projectiles, and small arms.

In 1975, the Navy issued a report of excess for the land associated with the Navy’s original 1900
holdings. Beginning in 1978, all of the land acquired by the military on Culebra and the
surrounding cays were excessed to the Department of the Interior (DOI) or transferred to the
government of Puerto Rico by quitclaim deed in 1983.

There is no historical or anecdotal evidence that Chemical Warfare Materiel (CWM) was ever
used within the site.

24  PREVIOUS INVESTIGATIONS

2.4.1 1991 - Inventory Project Report (INPR), Culebra, Puerto Rico, Property No.
102PR0068, Original May 1991

The original INPR qualified 2,660 acres of Culebra as eligible for consideration under the DERP
for FUDS. The INPR, signed on 24 December 1991, established the Culebra Island site as a
FUDS, defined a site boundary, and assigned FUDS Project No. 102PR006800. The Findings and
Determination of Eligibility (FDE) concluded that “the site, except for 87.5 acres still under
control of the Navy, has been determined to be formerly used by the Department of Defense. It is
therefore eligible for the Defense Environmental Restoration Program (DERP).” (USACE, 1991)

2.4.2 1995 - Archives Search Report, Findings, Ordnance and Explosive Waste, Culebra
Island National Wildlife Refuge, Culebra, Puerto Rico, February 1995

The ASR presented the findings of an historical records search and site inspection for MEC
presence in the Culebra Island National Wildlife Refuge. As part of the ASR, a site visit was
conducted in October 1994, during which the team identified MD on Cayo Botella, Cayos
Geniqui, and Cayo del Agua. In addition, MD was identified on Flamenco Beach, Flamenco
Peninsula, and the hillside near Cerro Balcon. The ASR listed several ordnance items verified on
site by either explosive ordnance disposal (EOD) personnel or the ASR field team. The ASR
covered the entire land area of Culebra Island and the nearby keys, about 7,300 acres of land, and
also included 85,200 acres of surrounding water. The report included site history, site
descriptions, and real estate ownership information, and confirmed the presence of ordnance
based on available records, interviews, and site inspections. (USACE, 1995)

2.4.3 2004 — Archives Search Report Supplement

In 2004, an ASR supplement was completed by the USACE Rock Island District as an addition
to the 1995 ASR. The report provides details of aerial training conducted by the Navy between
1935 and 1975 and identifies the following range areas:

e Water West: Part of this area is included in MRS 12. A local diver reported underwater
ordnance in this area. Suspect munitions include Mk Il 6-inch HE projectiles.
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e Water Center: This area is included in MRS 12. A local diver reported underwater
ordnance in this area. Suspect munitions include Mk 11 6-inch HE projectiles.

e Water South: This water area includes the small bay north of Soldado Point (part of MRS
09). A local diver reported underwater ordnance in this area. Suspect ordnance includes
Mk 11 6-inch HE; however, other ordnance types are suspected due to use as 1936 aerial
target and 1938 mortar boat firing exercises.

¢ Rifle Range South: This small arms range is believed to be located on undeveloped land
near the southern tip of the island in MRS 09. This range has not been confirmed. The
2005 Inventory Project Report, indicates strafing (.50 caliber) training was conducted in
the area. (USACE, 2004a).

2.4.4 2005 - Inventory Project Report (INPR), Original May 1991, Revised July 2005
(Final)

The original INPR was revised in 2005, clarifying the military use of the Island of Culebra and
divided the original site, Property No 102PR0068, into 14 separate MRSs. One hazardous and
toxic waste (HTW) project was identified and assigned the number 00, and 13 MMRP project
areas were identified and assigned Risk Assessment Code (RAC) scores. MRS 01 was not
defined (USACE, 2005a).

The following MMRP projects and RAC scores were listed:

e MRS 02 - Culebra and Cays, RAC 1

e MRS 03 - Flamenco Bay Water Area, RAC 1

e MRS 04 - Flamenco Lagoon Maneuver Area, RAC 1
e MRS 05 - Mortar and Combat Range Area, RAC 1

e MRS 06 — Atrtillery Firing Area, RAC 3

e MRS 07 - Culebrita Artillery Impact Area, RAC 1

e MRS 08 — Cayo Norte Impact Area, RAC 3

e MRS 09 - Soldado Point Mortar and Bombing Area, RAC 2
e MRS 10 - Defensive Firing Area No. 1, RAC 2

e MRS 11 - Defensive Firing Area No. 2, RAC 1

e MRS 12 - Luis Pena Channel Water Areas, RAC 1

e MRS 13 - Cayo Luis Pena Impact Area, RAC 1

e MRS 14 - Airfield and Camp Area, RAC 3

The HTW Project 00, also as known as The Former Lower Camp Debris Site, encompasses a
40,000-square foot section (100 feet by 400 feet) of marine wetland located along the eastern
shoreline of Ensenada del Cementerio (Figure 1-2). The surface and groundwater drains directly
into Ensenada Honda and does not directly affect the MRSs covered by this project. 2005 —
Supplemental Archives Search Report, Culebra, Puerto Rico, September 2005

USACE St. Louis District prepared the Supplemental ASR in 2005 as an addition to the 1995
ASR. The Supplemental ASR is the source of most of the historical information pertaining to site
operations and identified the key areas of focus for the subsequent SI. This document provided a
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detailed summary of military activities conducted on Culebra Island and the surrounding cays.
The document summarized planned and/or executed maneuvers and training conducted at the
site, including specific time periods, locations, and munitions used. (USACE, 2005b)

2.4.5 2007-Site Inspection Report, Culebra Island Site, Puerto Rico, FUDS Project No.
102PR006802 through 14, 2007

Parsons Infrastructure and Technology Group (Parsons) completed a site inspection of the Island
and published a Final SI Report in September 2007. The fieldwork included approximately 50
miles of Qualitative Reconnaissance, and the collection of 27 soil and five sediment samples.
The fully validated samples were analyzed for MC metals and explosive compounds. Three of
the soil samples were collected to serve as ambient data.

Parsons concluded that the potential for MEC to pose a human health risk existed within 12 of
the 13 MRSs, but that there was no evidence to indicate that MRS 14 had potential MEC
contamination. Parsons further concluded that although there was potential for MEC to pose a
risk at the Culebra Island sites, since the field team did not identify an imminent threat to the
public, a Time-Critical Removal Action (TCRA) was not necessary. However, due to the
presence of MD and MEC at several areas within the site, Parsons recommended these sites
proceed to the RI/FS. (Parsons, 2007)

The list of constituents for munitions known or suspected was developed in the Sl and is
included in Appendix X of this report.

There is no evidence the lagoons of the island were used for target practice.
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CHAPTER 3. PROJECT REMEDIAL RESPONSE OBJECTIVES

This RI project was conducted in accordance with the objectives and goals established by
stakeholders during TPP as summarized in the Final TPP Memorandum (Appendix E).
The primary objective for the Culebra Island MRSs was to determine the nature and
extent of MEC and MC. The TPP team agreed that the RI data collection would focus on
geophysical (transects and grids) and intrusive investigation of grids in the upland areas,
analog intrusive investigations along accessible beaches and in-use trails on MRS 13, and
collection of environmental samples at locations in and around areas that represent the
highest likelihood for MC contamination i.e., where MEC or MD is present, at
demolition sites, and where there is evidence of low order detonations.

3.1 CONCEPTUAL SITE MODEL AND PROJECT APPROACH

Conceptual Site Models (CSMs) can help identify risks to human health and the
environment by identifying complete exposure pathways between physical media
affected by site-related contamination and potential human or ecological receptors.
During the SI at Culebra (Parsons, 2007), the site was evaluated as 14 MRSs. The
evaluation of potential MEC exposure concluded that, based on the limited scope of the
Sl, the MEC exposure pathway was potentially complete for all six MRSs evaluated
during this RIl. The MRS boundaries, which were based on former suspected military use
and current land use, provided the basis for the pre-Rl CSM presented in the Final TPP
Memo (Appendix E) and RI WP. Based on the results of the Sl, the pre-RI CSM
identified a potentially complete MEC exposure pathway for human receptors in MRSs
06, 08, 09, 10, 11, and 13. Pre-RI Conceptual Site Model (CSM) Diagrams are provided
as Figures 3-1 through 3-6. The objective of the RI field activities was to adequately
characterize each area for the purpose of evaluating and developing effective remedial
alternatives. Digital geophysical mapping, intrusive investigation of anomalies, analog
mag-and-dig investigations, and MC sampling were the basis of the RI characterization.
In addition to collecting samples at specified locations in some MRSs, MC sampling
would also be done in association with MEC and MD with residual explosives. One
consequence could be that some MRSs would not have MC samples collected. The
following sections provide additional details regarding the CSM and project approach for
each MRS. Based on the results of the contaminant characterization conducted as part of
this RI, a revised CSM is presented and discussed in Chapter 5.
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Pre-RIl Conceptual Site Exposure Model Diagram
Site/MRS Name: Culebra lsland, PR - MRS 06

Completed By:  Colleen Conklin, PARSONS/ Matt Tucker, USAE Date Completed: February 21, 2012
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Pre-Rl Conceptual Site Exposure Model Diagram
Site/MRS Name: Culebralsland, PR - MRS 08

Completed By: Colleen Conklin, PARSONS / Matt Tucker, USAE Date Completed: February 21, 2012
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Pre-RIl Conceptual Site Exposure Model Diagram
Site/MRS Name: Culebralsland, PR - MRS 11
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Pre-Rl Conceptual Site Exposure Model Diagram
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3.1.1 MRS 06 Artillery Firing Area

The Pre-RI CSM identified a potentially complete MEC exposure pathway for human receptors
due to the potential presence of surface and subsurface MEC. Exposure pathways related to MC
were identified as potentially complete for human and ecological receptors; therefore, an
evaluation of MC was included in the RI for both human and ecological receptors. There is no
evidence the lagoons in the MRS were used for target practice.

MRS 06 is easily accessible to improved areas such as residences and public beaches (Larga and
Zoni Beaches). A majority of MRS 06 consists of heavily vegetated and steep terrain. Some
areas can be difficult for human receptors to access. Based on the current and projected land use
for additional residential development, access to undeveloped areas may increase.

The RI was designed to assess the presence / nature and extent of surface and subsurface MEC
within MRS 06. The project approach included DGM and intrusive investigation of identified
anomalies within the upland areas, analog mag-and-dig investigations within the beach areas,
and MC sampling at locations where MEC or MD are identified.

3.1.2 MRS 08 Cayo Norte Impact Area

The Pre-RI CSM identified a potentially complete MEC exposure pathway for human receptors
due to the potential presence of surface and subsurface MEC. Exposure pathways related to MC
were identified as potentially complete for human and ecological receptors; therefore, an
evaluation of MC was included in the RI for both human and ecological receptors.

MRS 08 is a privately owned island and is accessible only by boat. MRS 08 contains very few
improved areas such as dirt roads/paths and a beach area. Given that all beaches in the
Commonwealth of Puerto Rico allow public access, additional human receptors are able to
access MRS 08. Based on the current and projected land use, a low amount of private residential
development may occur in the future.

The RI was designed to assess the presence /nature and extent of surface and subsurface MEC
within MRS 08. The project approach included DGM and intrusive investigation of identified
anomalies within the upland areas, analog mag-and-dig investigations within the beach areas,
and MC sampling at locations where MEC or MD are identified.

3.1.3 MRS 09 Soldado Point Mortar and Bombing Area

The Pre-RI CSM identified a complete MEC exposure pathway for human receptors due to the
potential presence of surface and subsurface MEC. Exposure pathways related to MC were
identified as potentially complete for human and ecological receptors; therefore, an evaluation of
MC was included in the RI for both human and ecological receptors.

A majority of MRS 09 is administered by the PR DNER. A small amount of MRS 09 contains
four residences and a portion of a hotel resort (northeast corner of MRS). Aside from this area
MRS 09 contains no official improved areas. Although the current land use for the DNER
portion of MRS 09 does not allow for development, some unauthorized developments (squatter
houses) have been constructed within Sueno Cove. There is currently no controlled access to the
DNER portion of MRS 09. This portion is easily accessible by a partially paved road through the
center of the MRS. The paved portion stops at the top of Ensenada Dakity; however, an
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unimproved road continues down into Sueno Cove and the beach areas. Based on the current and
projected land use there are no plans to develop the DNER portion

The RI was designed to assess the presence /nature and extent of surface and subsurface MEC
within MRS 09. The project approach included DGM and intrusive investigation of identified
anomalies within the upland areas, analog mag-and-dig investigations within the beach areas,
and MC sampling at locations where MEC or MD are identified. There is no evidence the
lagoons in the MRS were used for target practice.

3.14 MRS 10 Defensive Firing Area No. 1

The Pre-RI CSM identified a potentially complete MEC exposure pathway for human receptors
due to the potential presence of surface and subsurface MEC. Exposure pathways related to MC
were identified as potentially complete for human and ecological receptors; therefore, an
evaluation of MC was included in the R1 for both human and ecological receptors.

MRS 10 is easily accessible to improved areas such as residential and commercial properties.
The town of Dewey extends into the northern portion of the MRS. The western portion of MRS
10 consists of heavily vegetated and steep terrain that is currently undeveloped. This area can be
difficult for human receptors to access. Based on the current and projected land use for additional
residential development, access to undeveloped areas may increase.

The RI was designed to assess the presence /nature and extent of surface and subsurface MEC
within MRS 10. The project approach included DGM and intrusive investigation of identified
anomalies within the upland areas, analog mag-and-dig investigations within the beach areas,
and MC sampling at locations where MEC or MD are identified.

3.1.5 MRS 11 Defensive Firing Area No. 2

The Pre-RI CSM identified a complete MEC exposure pathway for human receptors due to the
potential presence of surface and subsurface MEC. Exposure pathways related to MC were
identified as potentially complete for human and ecological receptors; therefore, an evaluation of
MC was included in the RI for both human and ecological receptors.

MRS 11 is easily accessible to improved areas such as residential and commercial properties.
The eastern portion of MRS 11 contains the majority of residential and commercial properties in
Culebra. The northern portion of MRS 11 contains the municipal landfill and is adjacent to the
NWP Bombardment area. The western portion of MRS 11 consists of heavily vegetated and
steep terrain which contains limited residential and public beach areas (Tamarindo and Melones
beaches). Portions of this MRS can be difficult for human receptors to access. MRS 11 contains
six public beach areas that are frequented by residents and tourists. Based on the current and
projected land use for additional residential and commercial development, access to undeveloped
areas may increase.

The RI was designed to assess the presence /nature and extent of surface and subsurface MEC
within MRS 11. The project approach included DGM and intrusive investigation of identified
anomalies within the upland areas, analog mag-and-dig investigations within the beach areas,
and MC sampling at locations where MEC or MD are identified. There is no evidence the
lagoon in the MRS was used for target practice.
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3.1.6 MRS 13 Cayo Luis Pena Impact Areas

The Pre-R1 CSM identified a potentially complete exposure pathway for human receptors due to
the potential presence of surface and subsurface MEC. Exposure pathways related to MC were
identified as potentially complete for human and ecological receptors; therefore, an evaluation of
MC was included in the RI for both human and ecological receptors.

MRS 13 is an island and is accessible only by boat. MRS 13 is administered by USFWS and is
part of the Culebra Wildlife Refuge. MRS 13 contains very few improved areas consisting of a
single road/path that leads up to the old helipad. MRS 13 contains established beach areas. Given
that all beaches in the Commonwealth of Puerto Rico allow public access, additional human
receptors are able to access MRS 13. Current and projected land use is to remain as a wildlife
refuge.

The RI was designed to assess the presence /nature and extent of surface and subsurface MEC
within MRS 13. The project approach included analog instrument assisted reconnaissance along
the main trail to the helipad area, analog mag-and-dig investigations within the beach areas, and
MC sampling at locations where MEC or MD are identified.

3.2 PRELIMINARY REMEDIATION GOALS

Preliminary remediation goals (PRGs) are both site- and contaminant-specific and define the
conditions considered by stakeholders to be protective of human health and the environment.
There may be PRGs for MEC and MC at each site evaluated during a RI. As with the CSM,
PRGs may be reevaluated and refined throughout the RI process as new information becomes
available.

To develop the PRGs for MEC and MC, the Culebra Island MRSs required sufficient
characterization of the presence of MEC and MC. MEC/MD were characterized in these areas
based on DGM and intrusive data collected during the RI. Environmental samples were collected
and analyzed in order to characterize MC contamination.

3.2.1  Preliminary Remediation Goal for MEC

The PRG for MEC at all six of the Culebra Island MRSs is to reduce interaction of human
receptors with MEC by eliminating or reducing exposure pathways through removal actions,
land use controls, and/or educational awareness programs.

3.2.2  Preliminary Remediation Goal for MC

The PRG for MC contamination at all six of the Culebra Island MRSs is to ensure that identified
MC contamination presenting an unacceptable risk to human health or the environment as
determined in a baseline risk assessment will be addressed through removal actions, land use
controls, and/or educational awareness programs to minimize or mitigate risks to human health
and ecological receptors in the environment.

3.3 PRELIMINARY IDENTIFICATION OF ARARS AND TBC INFORMATION

Response actions under FUDS must identify and attain or formally waive Applicable, Relevant,
and Appropriate Requirements (ARARs) under Federal and State laws (ER 200-3-1). Although
the RI is not considered a response action, preliminary identification of chemical-specific and
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location-specific ARARs was conducted during RI site characterization. ARARs are used as a
“starting point” to determining the protectiveness of a site remedy. When ARARs do not exist
for a particular chemical or remedial activity, other criteria, advisories, and guidance referred to
as To Be Considered (TBC) are useful in designing and selecting a remedial alternative. A list of
ARARs and TBCs that are specific to the Culebra Island MRSs are included in Table 3-1.

Table 3-1: ARARs and TBCs for the Culebra Island MRSs

Location-Specific ARARS

The Endangered Species Act (USC) Title 16 Protects federal listed species located within
chapter 3581536 (a)(2) Culebra Island MRSs by regulating takes of listed
species.
Action-Specific ARARs
RCRA Subpart X 40CFR Part 264 Establishes Solid Waste Management rules related
to explosive waste management during clean up
actions
The Migratory Bird Treaty Act; 16 USC § 704 Establishes rules for preventing take of listed

migratory bird species

Action-Specific TBCs

Local Conservation Goals Possible TBC for limiting vegetation removal.
Specific citations to be added to the FS.

EPA Preliminary Screening Values Establishes screening levels for specific
contaminants of concern.

PREQB Water Quality Standards and EPA Establishes screening levels for specific

Preliminary Screening Levels contaminants of concern.

As the RI/FS process continues, the list of ARARs and TBCs are updated, particularly as
guidance is issued by state and federal agencies. ARARs and TBCs were used as a guide to
establish the appropriate extent of site cleanup; to aid in scoping, formulating, and selecting
proposed treatment technologies; and to govern the implementation and operation of the selected
remedial alternative. As the ARARs are further developed and refined as part of the FS, primary
consideration will be given to remedial alternatives that attain or exceed the requirements of the
identified ARARs and TBCs. Throughout the RI/FS phase, ARARs and TBCs are identified and
used by taking into account the following:

e Contaminants suspected or identified to be at the site

e Chemical analysis performed, or scheduled to be performed

e Types of media (soil, surface water, and sediment)

e Geology and other site characteristics

e Use of site resources and media

e Potential contaminant transport mechanisms

e Purpose and application of potential ARARs and TBCs

e Remedial alternatives considered for site cleanup.
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Chemical-specific ARARs are promulgated health-based or risk-based numerical values that
establish the acceptable amount or concentration of a chemical that may remain in, or be
discharged to, the ambient environment. Risk-based screening levels [e.g., USEPA Regional
Screening Levels (RSLs)] are not chemical-specific ARARs because they are not promulgated;
however, risk-based screening levels can be considered chemical-specific TBCs. The PREQB
WQS and USEPARSLs, May 2012 (Soil, Surface Water, and Sediment) and November 2013
(Groundwater), have been identified as chemical-specific TBCs for MC.

Location-specific ARARs generally are restrictions placed on the concentration of hazardous
substance or the conduct of activities solely because they are in special locations. An action in
these locations may cause irreparable harm, loss, or destruction of ecological resources. The
Endangered Species Act [USC Title 16 chapter 3581536 (a)(2)] has been identified as location-
specific ARAR:s.

Action-specific ARARs are usually technology- or activity-based requirements or limitations
placed on actions taken with respect to remedial/removal actions, or requirements to conduct
certain actions to address particular circumstances at a site. RCRA Subpart X (40 CFR Part 264)
and the Migratory Bird Treaty Act; 16 USC 704 are considered to be action-specific ARARs for
the Culebra Island MRSs. In addition, a limitation for vegetation removal in support of removal
actions may be included as a TBC for all MRSs.

3.4  SUMMARY OF INSTITUTIONAL ANALYSIS

The Institutional analyses is prepared to support the development of institutional control
strategies and plans of action as a munitions response alternative. These strategies rely on
existing powers and authorities of government agencies to protect the public at large from MEC
risks.

A review of government institutions and private entities that exercise jurisdiction and ownership
of the areas indicated that the property encompassing the Culebra Island MRSs was under the
varying levels of jurisdiction of several agencies including the Municipality of Culebra; the
Commonwealth of Puerto Rico (PR EQB and DNER); and the United States government
agencies (USFWS and USACE). The role of each of these agencies is summarized below.

3.4.1 Municipality of Culebra

The Culebra Island MRSs lie entirely within the island of Culebra, which is locally governed by
a municipality. The municipality oversees building permits, fire, police, and emergency
management responsibilities, and land use controls over municipal properties. The municipality
has numerous joint, mutual aid and planning agreements and other relationships with all levels of
government and can assist and work with the USACE in developing land use controls related to
the Culebra Island MRSs. The Municipality has also provided a member to serve on the
Restoration Advisory Board (RAB) for Culebra.

3.4.2 Commonwealth of Puerto Rico

3421 Department of Natural and Environmental Resources (DNER)

DNER serves as the Commonwealth’s lead natural resource conservation agency. DNER is
responsible for managing lands and waterways under its jurisdiction and enforcing compliance
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with the Commonwealth’s natural resource regulations. Representatives from DNER have
participated as part of the TPP including attending meetings and reviewing and providing
comments on project documents. The DNER also provides a member to serve on the Culebra
RAB.

3.4.2.2  Puerto Rico Environmental Quality Board (PR EQB)

The PR EQB is the principal environmental protection regulator in Puerto Rico. Representatives
from PR EQB have participated as part of the TPP including attending meetings and reviewing
and providing comments on project documents. The PR EQB also provides a member to serve on
the Culebra RAB.

3.4.3 United States Government Agencies

3.43.1 US Fish and Wildlife Service

The mission of the USFWS is to work with others to conserve, protect and enhance fish, wildlife,
plants, and their habitats for the continuing benefit of the American people. In Culebra USFWS
is responsible for managing the Culebra National Wildlife Refuge, which is located in various
portions of Culebra. USFWS is also responsible for managing other lands under its jurisdiction
and enforcing compliance with federal regulations. Representatives from USFWS have
participated as part of the TPP including attending meetings and reviewing and providing
comments on project documents. USFWS also provides members to serve on the Culebra RAB.

3.4.3.2 U.S. Army Corps of Engineers

USACE is the lifecycle Project Manager for the Culebra Island FUDS program. USACE has no
jurisdiction or authority in Culebra; however, USACE provided project coordination
responsibilities including review of project plans and documents, obtaining rights-of-entry to
properties in the work area, working with the news media and the public, and coordinating with
federal, state, and local agencies on issues pertaining to implementation of this project and
protection of ecological and cultural resources. Other responsibilities include coordinating any
necessary evacuations, providing proper notifications to the DNER, notifying the National
Response Center and state officials in the event of a release or spill, and signing the hazardous
waste manifests as the generator of any hazardous waste.

The DERRP is the primary funding source, and USACE is the executor for conducting CERCLA
projects on Culebra FUDS. The USACE is the implementing agency for execution of this
project, providing technical expertise for MEC and MC activities, and serving as the technical
manager for conducting the RI/FS. USACE responsibilities include procurement and direction of
the prime contractor (USA Environmental, Inc.) and supporting agencies, and the coordination of
document reviews and approvals. USACE also provides the on-site UXO-Qualified Safety
Specialist.

3.5 DATA NEEDS AND DATA QUALITY OBJECTIVES

3.5.1 Data Needs

Previous studies of the Culebra Island MRSs, including the SI Report (Parsons, 2007), the ASR
(USACE, 1995), and the ASR Supplement (USACE, 2005), were reviewed prior to developing
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the RI/FS Work Plan. Although no MEC was found during the SI fieldwork, an RI/FS was to be
recommended due to the presence of MD on the surface and historical records. The data needs
for the RI/FS project (i.e., assessment of MEC and MC throughout the MRSs) were reviewed by
the TPP Team. Data quality objectives (DQOs) associated with the data to be collected during
the R1 were developed by the TPP Team and included in the WP.

Several suggestions and requests by the TPP Team affected the type of data to be collected as
part of the RI. During the TPP, stakeholders agreed to the following:

e To conduct geophysical investigations in the upland portions of each MRSs (excluding
MRS 13) along transects and grids. Vegetation removal would be required prior to
conducting DGM surveys. Endangered species mitigation measures (SOPs) would need
to be employed while completing vegetation removal. DGM data would be initially
collected along transects with an EM-61 Mk2. DGM transect anomalies within each
MRS would be subsequently processed to produce an anomaly density map to guide grid
placement for characterizing high anomaly density areas.

e Intrusive investigations would be conducted within upland area grids and within beach
areas of each MRS, with the exception of MRS 13, where only beach digs were
completed. Note: Per a USFWS request, the upland area grids were replaced with analog
transect investigation of established trails as a less destructive method of investigation to
the environment. The MRS 13 investigation was supplemented with visual surface
reconnaissance from a 2009 post award site visit.

e The TPP agreed on the recommended laboratory analyses to be conducted on the
environmental samples collected. Metals (minus essential nutrients) were to be analyzed
via method SW6010B and SW6020 (mercury - SW7470) and explosives by method
SW8330A. For samples that are designed to investigate the extent of a previously
detected constituent, the analyses would be limited to that constituent.

3.5.2 Data Quality Objectives

Data quality objectives are qualitative and quantitative criteria used to guide sample collection
and analysis activities. The DQOs for this RI/FS project were developed prior to conducting
investigative activities to ensure that the data generated during the execution of the analytical
program are of appropriate quality to support the anticipated end use of the data. The DQOs
follow the seven step process established in the U.S. Environmental Protection Agency (EPA)
QA/G-4HW Guidance. DQOs seek to ensure that the right type, amount, and quality of data are
collected to accomplish the objectives of the project. Below are the seven DQO steps from the
EPA guidance.

1. State the Problem

2. Identify the Decision
3. Identify the Inputs to the Decision
4. Define the Study Boundaries
5. Develop a Decision Rule
6. Specify Limits of the Decision Errors
7. Optimize the Design for Obtaining Data
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Table 3-2 reflects the DQOs for the RI data collection activities. These DQOs were taken from
the Final Rl Work Plan approved by the TPP.

Table 3-2: Project DQOs

Step

Culebra Island MRSs (Terrestrial)

1. State Problem(s)

e Define the nature and extent of MEC contamination relative to future land use,
potential receptors, and accessibility within MRSs

e Define the nature and extent of MC contamination relative to future land use,
potential receptors, and accessibility within MRSs

2. ldentify the
Decision

e Determine where surface and subsurface MEC contamination poses an
unacceptable risk to human health and the environment and requires further
consideration or a response action, or recommended that no further investigation is
necessary

e Determine where surface soil, subsurface soil, surface water, groundwater and
sediment MC contamination poses an unacceptable risk to human health and the
environment and requires further consideration or a response action, or
recommended that no further investigation is necessary

* For the purposes of this DQO: “accessible” means that access has not been
hindered by slopes in excess of 33 degrees, dense vegetation, natural barriers, or
any combination of the above.

3. ldentify the Inputs

e Future Land Use, Potential Receptors, and Access (CSM)
e Historical Records (SI & ASR)

e Presence of MEC items on the surface or subsurface in prescribed transects and
grids (Trails and beaches only in MRS 13). MRS 13 further evaluated with
surface reconnaissance results from 2009 post award site visit.

e Concentration value of MC taken from discrete surface soil, subsurface soil,
surface water, sediment, and groundwater samples, including step-out areas if
applicable. One (1) discrete sample per applicable media, per location.

e Hydraulic conductivity established from slug test data.

4. Define the Study
Boundary

The MRS boundary defines the population to be sampled and the decision unit to
which the data will be applied. The populations of MEC to be sampled are on the
surface and subsurface within the MRSs. The populations to be sampled for MC are
surface and subsurface soil, surface water, and sediment.

MEC.:

e Locations on the surface and subsurface within the MRSs (Analog mag-and-dig
on trails and beaches in MRS 13). MRS 13 investigation supplemented by 2009
visual surface reconnaissance from post award site visit.

MC:

e  Surface and subsurface soil sampling locations will be established based on
locations of MEC/MD discovered during the geophysical investigation. Surface
water samples will be collected in areas near streams and shorelines down gradient
from areas containing MEC/MD discovered during the geophysical investigation

e Surface water and sediment samples will be collected from down gradient streams
and depositional areas down gradient from areas containing MEC/MD discovered
during the geophysical investigation.
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Step

Culebra Island MRSs (Terrestrial)

Groundwater samples will be collected from wells identified in the groundwater
survey, and any well that is installed.

5. Develop a Decision

Rule

The following decision rules will be applied to the MEC population and decision unit:

If MEC is discovered on the surface and/or subsurface of an MRS then a baseline
MEC Hazard Analysis (MEC HA) based on future land use, potential receptors,
and access will be performed and presented to the project team for further
evaluation.

e The MEC investigation will be halted if and when project objectives are met,
(e.g., nature and extent of MEC has been determined for an MRS or a portion
of an MRS*.) If the project objectives for MEC have not been met, grid or
transecting step out processes will be implemented to collect additional data
required to further bound the nature and extent of MEC contamination.

* Criteria taken from EM-1110-1-4009, Chapter 7, Site Characterization.

The following decision rules will be applied to the MC population and decision unit:

Surface and Subsurface Soil:

If MC concentrations for each sample site are less than the screening values
identified in Worksheet #15 of the UFP QAPP, then no further action for that area
will be considered as it is delineated. 1f MC concentrations for each sample site
are greater than the screening values identified in Worksheet #15, Step-out
sampling will be conducted 1AW the Step-out procedure Flow Chart included in
the Sampling and Analysis Plan (SAP) in Appendix E. Step-out sampling will
continue until MC concentration is at or below screening criteria, in which the
contamination shall be delineated.

Surface water and sediment:

If MC concentrations for all sample sites are less than the screening values
identified in Worksheet #15, then surface water at that site will not be considered
to impact surface water or sediments within the MRSs. If a concentration exceeds
the screening values for a given location, additional downstream samples will be
collected until MC concentration is at or below screening criteria, in which the
contamination shall be delineated.

Groundwater

If MC concentrations for all sample sites are less than the screening values
identified in Worksheet #15 of QAPP, then MC at that MRS will not be
considered to impact groundwater. If a concentration exceeds the screening
values for a given location, a determination will be made by the PDT if more
samples are needed to delineate contamination.

6. Specify Limits on
Decision Errors.

Measurable decision errors are limited to the field and analytical QC processes. The
analytical requirements for MC are defined on Worksheet #12 of the UFP QAPP.
Slug testing procedures are defined in the Aquifer Testing SOP included in
Appendix K.

7. Optimize the Design
for Obtaining Data

Data collection procedures and associated QC for MEC are included in the RI/FS
Work Plan.
MC sample design and rationale is listed on Worksheet #17 of the UFP QAPP.
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3.5.2.1  Digital Geophysical Mapping and Investigation of Geophysical Anomalies

DGM was conducted to determine the location and concentration of anomalies which could be
MEC. DGM was conducted in upland areas of the Culebra Island MRSs within 50-ft by 50-ft
grids. Note: Per a USFWS request, the upland area grids in MRS 13 were replaced with analog
transect investigation of trails as a less destructive method of investigation to the environment.
Only anomalies meeting the established threshold and classification (i.e., attributed to MEC)
were investigated. DGM activities were considered complete when the selected DGM anomalies
were investigated and sufficient data was collected to support the FS. The DQOs for DGM
activities conducted the Culebra MRSs were met. Although ROE affected the original DGM
investigation in portions of the MRSs, the data collected in the RI, supported by information
from historical sources, the SI Report, and the 2009 post award site visit, contribute to meeting
project DQOs. All QC considerations were met and are documented in Appendix J.

3.5.2.2  Analog Mag-and-Dig Investigations

Analog Mag-and-Dig investigations were conducted along the accessible beach areas of the
Culebra Island MRSs and on selected accessible trails on MRS 13 Figure 4-6. Anomaly
selections for each beach were pre-established in the field investigation section of the Work Plan
and were based on the PWS. Teams flagged all analog anomalies for evaluation. The selected
anomalies were intrusively investigated and sufficient data was collected to support the FS. The
DQOs for analog mag-and-dig activities conducted at the Culebra MRSs were met.

3.5.2.3 MC Sampling

Environmental sampling was conducted during the field activities to assess for the presence of
MC contamination at sites where MEC or MD was encountered during the RI, and at sites where
demolition activities occurred. In accordance with the approved FSP and QAPP, environmental
samples were collected from their respective media (Section 4.2). Sampling activities during the
RI culminated in the collection of 90 environmental samples. The additional groundwater
sampling resulted in four samples plus one QA and on duplicate. The data results for each
sample were validated in accordance with the procedures identified in the work plan. Data
validation was performed according to SW846 methodologies and DoD Quality System Manual,
version 3. The DQOs for the collection, processing, and reporting of environmental samples are
presented in the approved SAP in Appendix E of the WP. Sampling was conducted in
accordance with the 2011 MC QAPP refined with results from the MEC investigation and
updated in November 2013 to include a groundwater investigation.
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CHAPTER 4. CHARACTERIZATION OF MEC AND MC

This RI was performed in a manner consistent with the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA), Section 104, and the National Oil and
Hazardous Substances Pollution Contingency Plan (NCP), Sections 300.120(d)-300.400(e).
Therefore, no federal, state, or local permits are required for any action taken on the site. The RI
adheres to the DERP for FUDS and relevant U.S. Army Regulations and guidance for MEC
programs.

4.1 MEC Characterization

411 General

This section provides details of the approach, methods, and operational procedures used for the
geophysical data acquisition and associated data processing and intrusive investigation activities
conducted for the characterization of MEC within the Culebra Island MRSs.

4.1.2 ldentification of MEC Areas of Concern

The MEC areas of concern for the RI consisted of MRSs 06, 08, 09, 10, 11, and 13. The MEC
areas of concern and history of the sites are described in detail in Chapter 2.

4.1.3  Site Access: Rights-of-Entry and Terrain Challenges

Prior to conducting RI field work, USA assisted the USACE in obtaining Rights-of-Entry (ROE)
for all privately owned properties within the Culebra Island MRSs under the RI. ROE forms
were mailed out in English and translated into Spanish as needed, a speaking local resident was
hired to discuss with residents. ROE documents were executed by the USACE Jacksonville
District Real Estate Office. All ROE documents related to the RI were tracked in a geographical
information system (GIS) as they progressed through execution (Owner and USACE signatures).
Property data was obtained in GIS format from the (Puerto Rico) Center for Collection of
Municipal Revenues (CRIM). The CRIM is the official property tax collection agency of Puerto
Rico. RI field work was conducted only in those properties where a ROE document had been
executed. Sufficient ROE was obtained in all Culebra Island MRSs with the exception of MRS
06, where the RI transect design had to be adjusted to fit within areas where ROE was granted.
ROE documentation is included in Appendix F. The areas where ROE was not obtained are
shown on Figures 5-1 through 5-6.

Characterization was additionally impacted by unsafe slopes. Steep slopes were encountered
throughout the MRSs. A generalized depiction of the slopes over 33 degrees is represented on
Figures 5-1 through 5-6. In the areas that could be traversed the investigation proceeded, but
when safety was a factor the slopes were avoided.
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4.1.4 Remedial Investigation MEC Characterization Tasks

4141  Vegetation Removal

Vegetation removal activities were conducted in undeveloped areas to provide access for DGM
surveys on transects and grids. Vegetation teams consisted of UXO qualified personnel and
subcontracted deforester labor. Prior to commencing with vegetation removal activities, a local
field biologist provided the vegetation removal teams with training in endangered species
identification and mitigation procedures. This training was in coordination with the endangered
species mitigation SOPs (Appendix M of the WP). The Team Leader utilized a Trimble Pro XRT
Differential Global Positioning System (DGPS), or equivalent, to follow each transect, following
a path of least resistance to help minimize devegetation and avoiding all properties where a ROE
had not been obtained. Vegetation removal teams utilized handheld saws and cutters to clear the
footprints needed, a path approximately 5 feet wide for transects and a 50-foot x 50-foot area for
grids.

While conducting vegetation removal activities in MRS 09, UXO Technicians recovered two Mk
25 Marine Marker flares. These items were deemed acceptable to move and were disposed of by
a demolition shot on 26 May 2011 located within MRS 09. The two Mk 25 Marine Markers
were the only MEC items recovered during the RI field work. The location where the items were
found and the location where the demolition was conducted are shown on Figure 5-3. It should
be noted this type of munition is incidental to the site and not necessarily indicative of DoD
impact to the MRS. The Mk 25 Marine Markers are also frequently used by civilian vessels for
training/man overboard indicators. These items were either washed up onto the shore or were
picked up and placed on the shore. The Mk 25 Marine Markers are not used on land. They are
incidental finds that cannot be used to characterize the land portion of the MRS.

S A B S R T

- e R e V.hAﬁﬁégi er :
Photograph 4-1: Vegetation Removal
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4.1.4.2  Geophysical Investigation

This section provides details of the approach, methods, and operational procedures for the
geophysical surveying and associated data processing for the RI. The geophysical investigation
for the upland areas of the MRSs included DGM data collection along transects and in
established grids. Per USFWS request, MRS 13 instrument-assisted reconnaissance was
performed in lieu of DGM along all known upland trails and roads to identify surface MEC.
Analog Mag-and-Dig was the investigation method chosen for the accessible beach areas due to
the potential for anomaly migration along the shore lines.

4.1.4.2.1 Geophysical System Verification

Based on a previous agreement obtained during the TPP, a Geophysical Prove-Out would not be
required and was replaced with a Geophysical System Verification (GSV) with an Instrument
Verification Strip (IVS) Plan and Report. The 1VS was located in the DNER property in MRS
The complete GSV report is provided in Appendix J. Further details regarding the selection of
the location, test items, and procedures followed are located in the report. In lieu of a GPO, daily
analog and digital instrument response tests were performed each morning and afternoon over
the IVS. A combination of small Industry Standard Objects (1SOs), intended to simulate 37mm
projectiles, and large ISOs, intended to simulate 105mm projectiles or 4.2 inch mortars, were
used in each IVS. The response curves for these 1ISOs are well documented for both the best case
orientation (vertical) and the worst case orientation (horizontal). Four of each 1ISO were used:
two horizontal at depths 3 and 7 times ISO diameter, and two vertical at the same 3 and 7 times
diameter depth. EM61-MK2 responses for each seed item were compared to published response
curves and daily repeatability to ensure the equipment performed as designed.

The test strip results and anomaly selection criteria were provided to the USACE Geophysicist
prior to starting fieldwork. Any recommended changes to the anomaly selection criteria were
discussed with USACE’s Geophysicist prior to implementing. USA documented the GSV results
in a Draft and Final Geophysical System Verification letter report (the Final GSV Report is
provided in Appendix J) that documented IVS setup, digital geophysical detection results, grid
line spacing test results, initial grid anomaly selection criteria, and recommended final DGM
performance metrics. The test strip was installed in a designated area at the USFWS facility
located on Culebra.

Photograph 4-2: Survey of IVS
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4.1.4.2.2 Geophysical Investigation Plan

Subsequent to the acceptance of the GSV, USA proceeded to collect DGM transect data to
satisfy the project DQOs of the RI. Transect acres were converted to miles, as provided for in the
PWS, using 2.75 miles per transect acre as the conversion factor. All required grid acres were
assigned to upland portions of each MRS (except MRS 13 where only accessible trails were
investigated).. Table 4-1 provides the overall geophysical coverage for each of the Culebra
Island MRSs. Figures 4-1 through 4-6 show the geophysical investigation coverage for each

MRS.

Table 4-1: Geophysical Survey Coverage (Acreage)

DGM DGM Analog
Transect | Grid | Transect
Acres Acres Acres
Land | (Upland | (Upland | (Beach | Geophysical MRS
MRS | Acres | Areas) | Areas) | Areas) Acres Coverage

826 3.02 1.00 1.05 5.07 0.61%
306 1.44 0.50 0.35 2.29 0.75%
9 203 1.08 0.98 0.15 2.21 1.09%
10 522 4.18 0.98 0.29 5.45 1.04%
11 694 4.55 0.98 1.06 6.59 0.95%
13 484 0.00 0.00 2.00 2.0 0.41%

Transects were planned and conducted for each MRS, focusing on historical munitions use areas,
covering as much of the MRS, including all beach areas, as executed ROE would allow. MRS
terrain maps were used during the transect planning to follow MRS elevation contours as much
as possible and to avoid slopes greater than 33 degrees.
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4.14.2.3 DGM Surveys

Along upland transects, the EM61-MK2 was deployed in stretcher mode with the wide (1m)
edge forward and positioned with a Trimble Pro XRT DGPS, with an external antenna mounted
over the coil center. UXO technicians guided the DGM operators along each prepared transect
using a Trimble GeoXT for guidance, following the path cleared and marked by the vegetation
removal teams. Note: upland transects in MRS 13 were investigated by the analog mag-and-dig
method. The DGM team maintained a field log book and up loaded survey data to the GIS daily.
Selected DGM transect anomalies were loaded into the project GIS database and used to create
anomaly density maps for each MRS. DGM performance metrics followed those listed in the
PWS Table 7-1 Performance Requirements for RI/FS using DGM Methods. For purposes of data
quality acceptance, the morning and afternoon transect data collections were considered two lots
of DGM data.

DGM transect data was analyzed for potential MEC anomalies. These potential MEC anomalies
were imported into the project GIS to create anomaly density maps, using ESRI’s Spatial
Analyst, for each MRS. High anomaly density areas that exceeded background density by a
factor of 5 or more were considered potential target areas. Figures 4-7 through 4-11 show the
resulting anomaly density maps for the Culebra Island MRSs. Proposed 50-ft x 50-ft grid
locations were placed in the high density anomaly areas to provide the necessary data to establish
the nature and extent of MEC contamination. Grid location maps were submitted to the USACE
Geophysicist for review and approval.
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